Abstract Multifunctional factor progranulin (PGRN) plays an important role in lysosomes, and its mutations and insufficiency are associated with lysosomal storage diseases, including neuronal ceroid lipofuscinosis and Gaucher disease (GD). The first breakthrough in understanding the molecular mechanisms of PGRN as regulator of lysosomal storage diseases came unexpectedly while investigating the role of PGRN in inflammation. Challenged PGRN null mice displayed typical features of GD. In addition, GRN gene variants were identified in GD patients and the serum levels of PGRN were significantly lower in GD patients. PGRN directly binds to and functions as a chaperone of the lysosomal enzyme b-glucocerebrosidase (GCaase), whose mutations cause GD. In addition, its C-terminus containing granulin E domain, termed Pcgin (PGRN C-terminus for GCase Interaction), is required for the association between PGRN and GCase. The concept that PGRN acts as a chaperone of lysosomal enzymes was further supported and extended by a recent article showing that PGRN acts as a chaperone molecule of lysosomal enzyme cathepsin D (CSTD), and the association between PGRN and CSTD is also mediated by PGRN's C-terminal granulin E domain. Collectively, these reports suggest that PGRN may act as a shared chaperone and regulates multiple lysosomal enzymes.
PGRN is an important molecule involved in various pathophysiological conditions, including embryonic development, autoimmunity and inflammation, neurodegeneration, and tumorgenesis. 1, 2 Emerging evidences have shown that PGRN also plays important roles in lysosome function. Homozygous mutations in GRN (the gene encoding PGRN) are known to cause neuronal ceroid lipofuscinosis (NCL), 3,4 a rare lysosome storage disease pathologically characterized by lysosomal aggregation of lipopigments and predominately presenting through neurodegenerative effects on cognition and sensorimotor ability; however, the mechanisms underlying PGRN insufficiency-associated lysosomal storage and neurodegenerative diseases remain largely unclear.
We reported previously that PGRN binds to and acts as a chaperone of lysosomal enzyme b-glucocerebrosidase (GCaase), mutations of which are causative of Gaucher Disease (GD), the most common lysosome storage disease. In an effort to determine the role of PGRN in the lung inflammation 5 we unexpectedly found that ovabuminchallenged and aged PGRN null mice develop a GD phenotype, including typical Gaucher cells, b-glucocerebroside accumulation, and classical tubular like-structural transformation of lysosomes as examined under electronic microscope ( Fig. 1) . 6 In line with the findings from mouse models, we found the serum levels of PGRN were significantly reduced in GD patients, and several GRN gene variants were identified in GD patients. 6 Mechanistic studies demonstrated that PGRN functions as a chaperone molecule of GCase, and recruits HSP70 to form a ternary complex required for lysosomal appearance of GCase. 7 A series of C-terminal and N-terminal deletion mutants identified the C-terminus of PGRN containing the granulin E domain is necessary for the association between PGRN and GCase. In addition, the C-terminus of PGRN was shown to effectively ameliorate GD phenotypes in vitro and in vivo. 7 The finding that PGRN acts as a lysosomal enzyme chaperone 6, 7 was extended by a very recent article by Beel, et al. 8 This paper shows that PGRN acts as a chaperone molecule of another lysosomal enzyme, cathepsin D (CSTD), and the association between PGRN and CSTD is also mediated by PGRN's C-terminal granulin E domain. 8 Interestingly, both PGRN and CSTD are among the 14 as-of-yet identified genes implicated in neuronal ceroid lipofuscinosis (NCL). 9 Beel, et al paper provides physical and functional evidences linking PGRN and CSTD together. PGRN directly binds to CSTD and is important for maintaining the enzyme activity of CTSD. 8 In addition, the C-terminal granulin E domain was identified as the functional domain mediating binding of PGRN to CSTD and PGRN's activity as a chaperone molecule.
In brief, the recent publication from Beel's group further strengthens the concept originally reported in EBiomedicine that PGRN acts as a chaperone of lysosomal enzymes and that the PGRN C-terminus is responsible for these associations. 6, 7, 10 It is conceivable that PGRN could have a more general function, beyond its associations with GCase and CSTD, as a lysosomal protein chaperone. Demonstration of associations of PGRN with additional lysosome enzymes forthcoming, application of this chaperone molecule or its derivatives may lead to innovative therapeutics for a host of neurodegenerative and lysosome storage diseases.
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